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HISTOLOGICAL AMD  HISTOCHEMICAL INVESTIGATIONS OF THE 
EFFECT OF GERTAIH GHEMIGALS UPON THE 

QUALITY OF DEHYDRATED PEAS 

CHAPTER I 

INTRODUCTION 

Vegetables of the pea family (Leguminosae) have 

been a significant item among the Iraquian foods. Vege- 

table production in Iraq is always greater than that re- 

quired for fresh consumption. There the surplus is in part 

sundried or spoils and goes to waste. 

This results in enormous losses every year. Canned 

and frozsn vegetables are Imported because the food indus- 

tries are not yet well established in the country. This is 

due to two principal reasons. 1. The low standard of 

living limits the purchasing power of the people and does, 

not justify the establishment of adequate canning and 

freezing plants at the present time. 2. The masses have 

not been educated to accept canned and frozen foods, where- 

as) they are familiar with dried foods. 

The most practical method of food preservation is 

dehydration, because of its economy and feasibility. In 

Iraq sundrying has for ages been the accepted method but 

this has not always yielded satisfactory products. It has 

been my purpose in these investigations to attempt an 



improvement on the methods of drying, especially as they 

apply to peas. 

Peas (Pisum sativum) is one of the oldest vegetable 

crops in the world-, fhis crop now is grown extensively in 

the United States of America as well as in many other coun- 

tries in the world and especially around the Mediterranean 

area including my native country (Iraq)'. Th© increase in 

consumption in the United States of ten fold in the last 

twenty-five years is an indication of the public demand and 

acceptance of peas* In I951t.> commercially canned peas to- 

taled 27»2l|i> thousand eases which is Hi9 percent of the 

canned vegetables in the United States (79) while frozen 

peas totaled 2lij.»l|. million pounds which is 26 percent of 

the total commercial frozen vegetable pack. 

Dehydration is the oldest method of food preser- 

vation, yet It is still practiced for specific foods on a. 

wide commercial scale and dehydrated foods are considered 

to be acceptable to the public. Among the successfully 

dehydrated products are milk (animal product) prunes (fruit) 

and onions and potatoes (vegetables). 

Vegetable dehydration has received considerable 

stimulation by the demands of the armed forces for Suit- 

able foods* Studies of acceptance by the military forces, 

have shown that peas and snap beans are the most generally 

liked vegetables. However, some of the dehydrated products 
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that have been tested, have not been of good quality, espe* 

cially after long storage under conditions which accompany 

military operations. 

High quality dehydrated peas would effect consider- 

able savings in both shipping weight, space, and the amount 

of tinplate now needed for canned products. This fact also 

could be applied to the savings in cold storage as prac* 

tieed for frozen foods. Sundrying for many food products 

does not produce acceptable quality as far as flavor, color, 

and texture are concerned. 

Any dehydrated food to be acceptable must, when re- 

constituted, possess a desirable appearance, texture, 

flavor, and & satisfactory rehydration ratio. The United 

States Department of Defense requires that dehydrated foods 

must maintain such characteristics to a reasonable degree 

for at least six months when stored at 1000F. This empha- 

sizes the importance of securing methods of dehydration 

that yield products of acceptable quality. 

Peas possess a relatively thick skin, which retards 

the evaporation of moisture during dehydration and the 

water absorption during rehydration; therefore, the serving 

of a satisfactory rehydrated product has been very diffi- 

cult. 

The author started exploratory investigations during 

the summer of 19$l±  to develop a method that would produce 



k 
better quality dehydrated peas.. Pretreatments with specific 

chemicals were tried, among which sodium hydroxide showed 

the most promising results. In the summer of 1955 the expe- 

riment was continued on a wider scale* Dark Skin Perfection 

peas of six stages of maturity ranging between 88 and 150 

tenderometer readings were chosen. The tests indicated 

that the use of chemicals in pretreatments might yield a 

finished product which would be superior to those prepared 

by the conventional dehydration methods. 



CHAPTm II 

REVIEW OF LITERATUHE 

Reported investigations on the dehydration of peas 

are not numerous* A  method for the dehydration of peas 

whichj when re const i tut edj, possess a desirable appearance * 

texture ^ flavor and a satisfactory rehydration ratio > has: 

not yet been established* The problem of adequate recon- 

stitution is being paid considerable attention and many 

investigations are being carried on to find the best so- 

lution* 

Makower (^.3* Pv« i}.03)> stated that in peas the 

organoleptle quality known as (maturity) is measured most 

directly by trained human judges* fhe tenderometer for 

raw peas and alcohoi-*lnsoluble solids for processed peas 

are the best objective methods* 

Dehydration of Peas and Other Vegetables. 

Hand* Robinson and Hening (^3)stated that the main 

problem in pea dehydration is in lowering the moisture 

content to less than 5$ which is necessary for storage 

stability* In an ordinary air dryer the moisture cannot 

be reduced below about 9%  and although the product is 
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acceptable, it has poor storage stability. On appli- 

cation of more heat in an attempt to reduce isoisture 

further, heat damage results* 

Freeze-drying can be used to lower the moisture 

to 0*5$> but this method is not practiced for eoraner- 

cial production and is only used for control purposes 

in experimental work* 

A combination of freezing and air drying results 

in the same kind of slow down  as with air drying alone« 

For the above reasons, it was considered desir- 

able to construct a secondary dryer in i^hich the air* 

dried peas might be subjected to a stream of desiccated 

air that would reduce the moisture content to 5$ or 

lower. Such a dryer is called a bin drier since the 

peas are placed at a depth of 3 feet or more over screens 

through which the desiccated air percolated up through 

the mass of peas. 

Drying rate studies indicated that after i(.8 hours 

in the bins,, the peas can be dried to a moisture content 

of 5*6 to 6.JQ$. They believe that the moisture may bo 

reduced still further by this method and particularly if 

inpackage desiccation is used. 

Hand and associates (■.%$  pointed out that experi- 

ments with a complete rang© of maturity of peas indicated 

maturity to be a critical factor relating to the texture 
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of the dried product* Very little difference was obtained 

among varieties if the best sizes, gradess and degrees of 

maturity were used for the comparison* 

Hand, Moyer and Robinson (2lj.) showed that peas 

coiamonly used for freezing are more adaptable to dehy- 

dration than canning varieties, provided both are har- 

vested in the same tenderometer range* Size Ij. peas at a 

tenderometer of about 90 of varieties such as Thomas 

Laxton and Dark Seeded Perfection are most suited to dehy- 

dration. But they seem to report conflicting observations 

relative to the adaptability of varieties* 

Dehydrated peas with a moisture content of 9 per- 

cent will not keep in storage at 1000P and 12Q0F. When 

stored at 70OF, the quality remained substantially un- 

changed for six months. The most sensitive quality fac- 

tor in peas was the capacity for rehydration. Changes in 

flavor and texture were also observed during the storage 

period. Reducing the moisture content of peas to 1.8 

percent, produced a product stable at 1200F for two 

months. 

Prolonged air-drying caused detrimental changes 

to the product quality of dehydrated peas. Serious color 

damage occurred at 200oF, moderate damage at 1750F and 

substantially no damage to color during drying at l50oF 

and 120oF. With regard to color damage, peas may be 
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safely dried for 30 minutes at 200oP, one hour at 1750F» 

or three hours at l50oP. Changes in texture and rehy- 

dration ratio during drying at 120oFt l50
oP and 200oF 

were of less significance than the color changes and 

browning*. 

Non-enaymatic browning is not excessive in peas 

dried for i}.0 minutes at 2000P, one hour at 1750P, or 

three hours or more at l^O0?. 

In studies based upon the use of in package- 

desiccation and in the previous study of temperature sta- 

bility of the samples from the same lot of peas at three 

different moisture levels, it was concluded that the 

prim© prerequisite for good storage stability of dehy- 

drated peas lies in the adequate reduction of the mois- 

ture level* This is all the more necessary if the peas 

are to be subjected to prolonged exposure at elevated 

storage temperatures. 

There were certain effects of size and grade on 

the quality of the finished product in which the size 

S's had the highest rehydratlon capacity, but were very 

susceptible to browning. It is probable that a good 

quality dehydrated product can be obtained from any size, 

grad© 3, I4. or 5 (tenderometer 90 to 120), provided that 

the initial tenderometer reading is satisfactory and the 

conditions of dehydration and reeonstitution are adjusted 
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to the specific requirements of the particular size* 

The relation between maturity as expressed by a 

tenderometer reading on a sample of the rav; peas, and 

the quality of the dehydrated peas indicated that the 

optimal maturity of peas for dehydration is .shown by the 

tenderometer range of 90 to 100* 

The effects of blanching peas with Calgon (sodium 

hexametaphosphate) concentrations (.OS^l.O^) and sulfur 

dioxide were studied* The results indicated no detect- 

able influence of Calgon on the quality of the dehy- 

drated product. Hand and associates believe the greatest 

effect of sulfite blanching may be in the quality of the 

product after being stored at temperatures detrimental to 

the quality of comparable samples* 

Talburt and Legalt (60, p. 286-291) indicated that 

dehydrofrozen peas (partially dried to reduce weight and 

volume by about 50%)  are equal in quality to frozen peas 

both immediately after processing and after one year of 

storage at -10oF.  Cooking methods for dehydrofrozen and 

frozen peas are quit® similar, because the dehydrofrozen 

product does not require any preliminary soaking prior to 

cooking* Long blanching times and high blanching temper- 

atures, which favor high drained weights and volumes in 

cooked dehydrofrozen peas, result in a high percentage of 

(rupttired) skins. 
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Talburt showed the blanching procedure employed in 

processing peas for dehydrofreezing seems to be more cri-* 

tical than that used in conventional freezing processes. 

He says, "Time and temperature of blanching have little 

effect on the drained weights and volumes of cooked frozen 

peasi Tender the conditions of these experiments. However, 

in processing peas for dehydrofreezing so as to obtain 

high drained weights and volumes by using quick, easy 

cooking methods, less latitude in blanching procedure 

seems to be permissible. Initially and after six and 

twelve months storage at -1Q0F, there is little difference 

between cooked dehydrofrozen and frozen peas where reduc- 

tions of $0  percent of the raw if eight are employed. Fur- 

ther dehydration up to 60 percent of raw weight, results 

in some loss of desirable color, but does not affect 

other organoleptic qualities. Weight reductions as high 

as 70 percent do not seem desirable in the light of per- 

cent results." 

Hand, Moyer and Wagenknecht (25), mentioned that 

the British Ministry of Foods had sponsored considerable 

research on dehydration and that the methods currently 

in use in England involve high sulfite treatments of de- 

hydrated peas. The British say they can get the moisture 

down much lower this way and thus improve the storage sta- 

bility. They also use gas packing to prevent off flavor 
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from fat oxidation. The British air dry for lf> hours at 

l50,oF, which is more severe than the standard conditions 

in this country of 3 hours at less than ]£0oF. They are 

procuring dehydrated peas for the British Army. 

Hand and associates (2ij.), reported that slitting 

the seed by a mechanical pea coat slitter prior to dehy- 

dration facilitated the drying process and improved the 

quality of the rehydrated product as measured by rehy* 

dration capacity and texture. The more efficient dehy- 

dration and rehydration of the broken peas suggested that 

mechanical breaking of the pea seed coat would aid in de- 

hydration as well as improve the quality of dehydrated 

peas* 

They reported in their preliminary studies on the 

varietal adaptability and the effect of maturity on the 

quality of the dehydrated product* Twelve varieties of 

peas were used and two of these varieties were harvested 

at varying maturities. Thomas Laxton at four stages of 

maturity and Shamrock at 5 stages of maturity were tested. 

He concluded that it is doubtful if the adaptability of a 

given variety of peas to dehydration can be assessed accu- 

rately on the basis of one harvest* For this reason it 

would seem more advantageous to limit the investigations 

on one or two varieties and Include as large a number of 

harvests as the length of the season will permit. 
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Twenty-eight samples of peas were dehydrated under 

standard conditions* fhe raw peas were shelled in a com- 

mercial viner, passed through a clipper cleaner, size 

graded, washed, blanched in water at 210oP for one minute 

and cooled before sorting to remov© defects. The drying 

was done in a cross circulation 'cabinet type dryer using 

a dry bulb temperature of 200oF for the first half hour, 

then gradually decreasing the temperature during the next 

two and a half hours to 1500P. For the last three hours 

of the six hour drying period the dry bulb temperature 

was maintained at 150°?. The wet bulb temperatures were 

not controlled and rahged from 1350F, initially to 870F, 

in the final stage of drying. The moisture contents of 

the dried peas ranged from 7.1 to 10.0 percent. All of 

the dehydrated peas were sealed with air in No. 2 tin 

canss and placed in storage at 3>0F, pending the development 

of a suitable procedure for further reduction in mois- 

ture content and satisfactory methods of quality evalu- 

ation. 

The quality of the dehydrated samples were eval- 

uated by one person in a preliminary screening test and 

ranged from 7 to 12 where 10 points represented excellent 

quality. The results of this screening test indicated 

that peas having a tenderometer reading of 100 or less 

received the highest scores and that in the case of 
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Thomas Laxton peas, those of size grade ij. were best. 

Tappel, (6l, p. 1671), indicated that drying from 

the frozen state is often the only convenient method for 

removing water from heat-labile biological materials 

without inducing undesirable chemical and physical 

changes-. Preeze-drying has many useful applications in 

analytical procedures, including moisture determinations, 

histologieal and histochemical analyses and the prepara- 

tion of large pieces of plant and animal tissue for radio- 

autography. Commercial freeze-dryers require 2l\. hours 

for freeze-drying 1-inch thick beef to 10% moisture* 

Tischer, (6I4., p. 226), reported in his study on 

the dehydration of sweet corn that analysis of variance 

indicates significant differences in the judge's scores 

due to variety, date of harvest, storage temperature and 

the> date of harvest by storage temperature interaction 

for the five quality attributes of appearance, odor, 

texture, flavor and color. 

Irak, (1|.8, p. 6), reported in a general discussion 

of dehydration developments up to 19ll.3 that dehydrated 

vegetables were unattractive and not well received by 

the armed forces during both the civil War and World War 

I, because of poor methods of dehydration and storage* 

He recommended the relatively high temperatures of 180oP 

to 1850P for the initial stage of vegetable dehydration. 



14 
Cruess, (10, p. 565)» recommended that only very 

tender beans should be dehydrated, because dehydration 

intensifies any toughness that beans may originally pos*- 

sess. 

Cruess, Friar and Balog, (9, p.18), reported that 

blanched snap beans prior to dehydration retained caro- 

tene and B vitamins better than unblanched beans. 

Wiegand, Madsen and Price, (7^, p* 17), mentioned 

that blanching is necessary to the success of dehydrated 

vegetables.- 

Hand and associates;, (2:5), concluded that con- 

ventional air drying under a variety of conditions failed 

to produce dehydrated peas of satisfactory lc?w moisture 

content without causing damage to the product. During 

air drying any effect which tended to slow down the rat© 

of drying of peas resulted in a higher residual moisture 

content in the finished product. Vacuum drying of peas 

produced a product of low moisture content.' When peas 

were subjected to a combination of air-drying and vacuum 

drying, even short periods of air-drying prevented the 

attainment of a final low moisture content.' Any combi- 

nation of drying conditions giving a lower final mois- 

ture content was associated with a decreased density of 

peas. 
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Treatments Preceding Dehydration 

Kelson, (I4.9, p. 95), reported that sulfit© treat- 

ment produced a highly significant effect. Sulfiting of 

lima beans during preparation for dehydration is neces* 

sary to preserve color, flavor, texture and total rehy- 

dration characteristics. The color of the finished pro- 

duct was especially stabilized by treating the blanched 

beans in a 1.5$ sulfite solution of H 7.2. He suggests p 

if the dehydrated product is to be held for long periods 

of time or at high temperatures, the 1.5$ sulfite solu- 

tion treatment should be employed. 

He shows that no highly significant advantage was 

found for the dehydrated lima beans in which in-package- 

desiccants were used; but some slight advantage in stor- 

age stability might be gained by reducing the moisture 

of the dehydrated lima beans to about 5$ prior to packag- 

ing. 

Simon, et al., (55, P« 271), indicated that treat- 

ment of white potatoes with calcium chloride during dehy- 

dration processing makes possible the production of po- 

tato dice with  improved dehydration and rehydration 

characteristics. He also showed that the presence of 

calcium chloride in dehydrated potatoes renders them less 

susceptible to non-enzymic browning during storage, and 
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that this greater resistance to "browning is related to the 

calcium content of the product. Calcium used in conjunc- 

tion with sulfite was shown to be more effective than 

either of the two used separately. Sensory evaluations 

have shown that considerable amounts of calcium may be 

added without sacrifice of acceptanee* 

Simpson, (56, p. 608), in his studies on the re- 

constitution of dehydrated vegetables such as onions, 

beans and sweet corn, stated that the increase in initial 

temperature of water resulted in slight increase in per- 

cent water absorbed in most eases, especially in the 

early stages of reconstltution. Increase in the ratio 

of water to product resulted in a similar tendency. 

Taste panel ratings showed that within the limits of the 

amounts of water absorbed in these experiments, the per- 

cent absorption had little effect in most cases on the 

palatibility of the reconstituted product. 

Nichols, jet al., (50), reported that cut beans 

may be successfully dehydrated by the usual procedures 

for vegetables if first blanched by immersion in hot 

water or a dilute solution of soda to intensify and pre- 

serve their green color. 

Dawson, Batehelder and Taube, (12, p. 66), stated 

that the quality of the dehydrated product was improved 

by dipping light colored fruits and vegetables such as 
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apples and cauliflower in solutions of sodium sulfite and 

sodium bicarbonate before rehydration* Both sodium sul* 

fit© and sodium bicarbonate are effective in Improving 

the qiuality of dehydrated green vegetables such as broc- 

coli and snap beans. 

Dipping in sulfur dioxide solution almost doubled 

the retention of aseorbic acid in dehydrated cauliflower. 

Soaking broccoli in s&lt solution did not affect its as- 

sorbic acid retention* The greatest loss in vitamin G 

occurred during dehydration and the first 3 months of 

storage. Approximately one fourth of th© original vita- 

min C content was retained after 9 moaths storage* 

Caldwell, et al., (8, p. 13-15)* experimented with 

dipping green beans prior to dehydration in solutions of 

sodium chloride, sodium bicarbonate, sulfur dioxide, 

sodium bi.sulfite, potassium metabiaulfIte and sodium 

t^hiosulfate. Tmj  also tried exposure of the prepared 

vegetable to sulfur dioxide gas. Thty concluded that the 

color and appearance were benefited by such treatments, 

although proper concentration in the final product was 

difficult to control. 

Masure, (I1J4., p« 9k-) t  reported that the storage 

life of diced dehydrated Imperator carrots at 8^0F, 

sealed in cellophane, was increased four to six-fold by 

a coating of hot 2.5 percent com starch sprayed on the 
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hot blanched dice before drying♦ Evidence of this pro* 

tective effect was shown over a period of nine months by 

large differences in carotene retention, color reflec- 

tance in the dry state, and by color and flavor judgments 

in the cooked state. Results also indicated that sul- 

fiting was of little if any value, and that packing in 

well-filled, heraaticsally sealed cans increased the Ql\.0F 

storage life of blanched and blanched sulfited samples 

by only a few weeks* 

Blalr, (3* P« 85), stated that the texture of 

canned peas is affected far more by cation exchange with- 

in the various solutions with which they are in contact 

during the canning operation than it is by variations 

of pH level within the median pH range. 

By a suitable choice of alkaline reagents applied 

in a definite sequence, it is therefore possible to main- 

tain a normal canned pea texture while elevating the pH 

sufficiently to protect about 60 percent of the chloro- 

phyll of peas against conversion to pheophytin. A mode- 

rate elevation of JS.  level has an affect on flavor which 

most observers consider to be favorable. The flavor 

effect is a reversible function of pH level and appears 

to be largely due to shifts in the dissociation of those 

odoriferous natural constituents of canned peas which are 

weak acldss or bases. Conventional canning procedures 
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change the color of peas and other green vegetables from 

the'natural green to what is commonly termed as Holive* 

color. 

The Blair Process consists of five essential steps; 

which protect the natural green color by building an al- 

kaline reserve in the peas> and by exposing them to heat 

for the minimum amount of time. These steps consist of; 

1. Pretreatment immersion of the peas in 2$ 

sodium carbonate solution for 30 minutes, 

2. Blanching in a solution containing 3 3/k- 

ounces of calcium oxide per 100 gallons of water. 

3. Brining with a sugar-salt solution containing 

X3lr ounces of magnesium oxide per 100 gallons of water. 

1$.. Processing by the "Short-high" method (at 

26o0F with a four*minute oome^up) followed at once by 

cooling to 70'0F or lower* 

5* Storing in a cool warehouse held at 5503? or 

lewej? until distributed, 

Bendlx, (2), stated that the process of preserv- 

ing the color in canned green vegetables consists of 

adding an alkaline calcium suerate somplex to the liquid 

in which the vegetables are preserved* 

Gieseker, et al.# (l6)» reported a method of pre* 

serving the color of canned green vegetables which con- 

sists of soaking the vegetables in a dilute solution of 
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ammonium hydroxide prior to canning., 

Stevenson, (58), showed that the process of pre-. 

serving peas and other green foodstuffs and retaining 

the color thereof, includes soaking the foodstuff for 

about three to thirty minutes at approxiaately room tern- 

perature In an alkaline solution containing an alkali 

metal hydroxide in a concentration substantially of N/1Q, 

blanching in a neutral aqueous bath at a temperature of 

about l80oP and thereafter processing in a sealed con- 

tainer. 

Lee and associates, (l|.0, p. 162),  indicated that 

concentrates of juices from cellery, onion and turnip 

can be used in conjunction with dehydrated vegetables 

and meat to increase palatability. 

Rehydratlon 

Moyer, (iji), p. 13*17) * stated that dehydrated 

vegetables in general should be added directly to boil- 

ing water* He concluded that vegetables not soaked at 

all were the most palatable, and rated those, soaked for 

the longest time, as soggy. 

Davis and Howard, (11, p. lij.3-156), believed that 

a slow rate of boiling is preferred to rapid or vigorous 

boiling, regardless of the amount of soaking. They 

showed that the rate of rehydration is directly 
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proportional to the surface area and weight ratios of the 

Individual pieces of vegetable. 

Moyer* (ij.?, p. 15-18), found green beans, rehydra» 

ted by soaking for three hours followed by boiling thirty 

to fifty minutes, were unpalatable after soaking, even 

though all were fancy grade when fresh* 

Recommendations by the United States Department of 

Agriculture, (6?), fojp dehydration plant operators sug- 

gested a four-hour soak for the rehydration of green 

beans followed by slow boiling for thirty minutes. It 

was estimated that the cooked weight should be about two 

to three times the weight of the dried vegetable. 

Histology and Histochemistry 

Bonner, (1^., p. 102), stated that the middle la- 

mella of plant cells consists largely of a pectic com- 

pound which appears to be a mixture of calcium and mag- 

nesium pectates. He show>3 that the middle lamella con- 

tains abundant calcium and magnesium. That the middle 

lamella pectic compound is not protopectin, is shown by 

the fact that it la not affected by treatment with hot 

dilute acid, the treatment used for the solution of pro- 

topectin. It may, however, be dissolved in hot alkali 

or preferably In solutions of ammonium oxalate, a treat- 

ment, which dissolves calcium pectate by sequestering 
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the calcium ion. 

Kertesz, (38, p. 137-315), indicated that the 

crude protopectin is decomposed upon the addition of an 

excess of potassium hydroxide or sodium hydroxide. The 

pectinic acids which either constitute or are a part of 

protopectin are completely demethylated and eventually 

become dissolved in the excess alkali. Some insoluble 

residue consisting at least partly of cellulose will re- 

main. He also mentioned that the pectic constituents 

retard the water absorption in the pdas. The analysis 

of sweet peas showed an average pectic acid content of 

1.15 percent. 

Strohmaier, (59, P» ij-72), in his histological 

studies showed that the cell walls of canned apricot 

skins had a swollen partially dissolved appearance, which 

probably resulted from changes in the middle lamellae 

and cell walls brought about by heat. This might explain 

their greater tenderness as compared with the fresh and 

frozen skins. 

Winton, (77, P« 2I4.3), indicated that the starch 

grains of the peas are smaller than those of the beans 

as they are not more than (l}.0/i .)-. The cells, after treat- 

ment with alkali, were separated through the middle la- 

mella. In roasted peas, when they were treated with an 

alkali solution, the starch grains dissolved, leaving a 
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characteristic skeleton of colored proteid materials. 

Waldman, (72), indicated that methylglyosa>l and 

acetol are important intermediates in the alkali-sugar« 

degredationj it was difficult, however, to separate them 

for analytical purposes. The method by which this was 

best done is that wherein glucose was left for lj.8 hours 

in W potassium hydroxide to which phenylhydrazine had 

been added. The osazone was then filtered and identi* 

fied. 

In 1953 Waldman reported that by using paper chro* 

motography and quantitative polarographic determination 

of several degradation products methylglyoxal, dihydro* 

xyaeetone, pyroracemic acid, lactic acid, glycerine al- 

dehyde, and alcohol can be separated. 

Kazujy, (35), stated that purified sweet potato 

starch vas decomposed with great difficulty by alkali. 

UaOH 1, 2 and 1$ at 95-9?GF gave a red-violet iodine re- 

action with the treated starch even after 36 hours. The 

acid produced was titrated, and the yield became greater 

than 100$ based on the starch, when expressed as lactic 

acid. This would indicate that the decomposition pro- 

duet was in the dextrin stage, that lower acids, such 

as HG00H, were formed and that the decomposition pro- 

duct had a high absorptive power for Na GH» 

Willstatter, (75)» has shown that the natural 
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green pigment is the same in all higher plants and con- 

sists of a mixture of chlorophyll A, GzrflfzQ^h^&r an& 

chlorophyll B, C^^j0Q(^\^gK 

The component magnesium of the chlorophylls is 

nonionic. It is carried by the pigment into solution in 

nonpolar solvents* such as ether, and this property may 

be utilized for its analytical differentiation from the 

very much larger proportion of ionic magnesium which is 

always present in plant tissue. The retention of pigment 

^gnesium in chlorophyll and its immediate derivatives is 

correlated with greenness. The primary step- in the deg- 

radation of chlorophyll in canning is probably the loss 

of pigment magnesium in the hydrolytic conversion of 

chlorophyll to pheophytin. 

Chlorophyll A      Pheophytin A 

Halverson and Hart, (22, p. 565-569), stated that 

in dehydrated spinach, broccoli, and carrot, the carotene 

was well preserved during storage at room temperatures by 

leaving sufficient water (10-12$) in the dried tissue to 

permit activity of the respiratory enzymes so that the 

oxygen in the container was removed and replaced by carbon 

dioxide. 

Wagenknecht, et al., (71, p. 314-3), reported that 

the destruction of chlorophyll was caused by the lipase 
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enzymes together with the large increase in acid number. 

Siegele, (5^, p. 86), reported that in unprocessed 

green beans the major pignents were chlorophyll A and B* 

Small amounts of the isomers, chlorophylls A and B, oc- 

curred with the parent chlorophylls. Severe heat-treat- 

ments, such as canning caused complete conversion of chlo- 

rophylls A and B to pheophytins A and B. 

Dutton, et al., (llj., p. H73-117'7), investigated 

the changes! of pigments and color during the storage of 

dehydrated spinach. He found that the destruction of 

chlorophyll was positively correlated with the moisture 

content and was affected little by the oxygen content of 

the storage atmosphere. 
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CHAPTER III 

MATERIALS AID PROCEDURES 

Exploratory investigations started in the summer 

of 1951}- to develop a method of dehydrating peas that would 

assure an acceptable rehydrated product.. Peas for these 

investigations,, whoso variety name was unknown,, were 

bought from the local markets where the fresh peas were 

available,. After that., greenhouse grown peas of the vari* 

ety Preezonian, from the Department of Horticulture of 

Oregon State College,, were used. The fresh peas were 

dipped prior to dehydration for variable length of time, 

in solutions having different concentrations of sodium 

sulfate, calcium chloride, sodium chloride, sodium bicar- 

bonate, potassium hydroxide and sodium hydroxide. 

Frogen peas were also dehydrated to be compared 

with the fresh peas* Among all the treatments, sodium 

hydroxide having the concentration 0.2% with 1, 5 and 

10 hours dipping times, appeared the most promising and 

was used in all of the experiments wMch followed. 

Experimental Procedures 

Dark Skin Perfection peas for these investigations 

were obtained through the cooperation of the Pendleton 

branch of the Oregon Agricultural Experiment Station. 
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Because peas are susceptible to mosaic (virus disease) 

which is prevalent in the Corvallis area, a local supply 

of peas was not assured* 

Peas were vined, shelled, put in 30 pound cans 

with ice and the whole ean was placed in a carton tightly 

sealed and shipped by airplane on the same day to Gor» 

vallis* Six shipments were received, representing as 

many stages of maturity ranging between 88 and 150 tende- 

rometer reading. The lowest reading represents the least 

maturity and the highest the greatest* The shipments and 

maturities were as follows: 

Ho. of shipment 
representing stage 

of maturit: 

1 

2 

3 

4 

6 

The fresh peas were weighed at the Department of 

Pood Technology immediately after receiving* The weights 

of shipments varied from 25 to l\.Q pounds, depending upon 

how many peas were available. Foreign materials such as 

thistlebuds and small pieces of pods were removed. 

Tenderometer 
reading 
(maturity) Date of receivii 

88 July 9, 1955 

102 July 11, 1955 

111 July 12? 1955 

118 July 18, 1955 

127 July 20, 1955 

150 July 21, 1955 
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Each shipment was divided into four lots except 

shipment Bo* 1 was first divided into two parts * A and B, 

and then each part was further separated into four lots. 

Each lot of every shipment was weighed separately. 

The moisture content of the fresh peas for each shipment 

was determined in duplicate by the vacuum oven method* 

Each individual lot of every shipment, except part A of 

the first shipment, was blanched separately for two 

minutes in boiling water. 

The peas were shaken and then drained for 5 min^ 

utes on stainless steel wire trays and weighed. 

The four lots of each shipment, including Part A 

of the first shipment, were soaked in 0*2$ sodium hydro- 

xide solution just sufficient to cover the peas. Soaking 

was performed in glass jars at room temperature for dif- 

ferent lengths of time as followst 

Lot Ho. Time of Soaking 

1 0 hour 

2: 1 hour 

3 5 hours 

I). 10 hours 

No. 1 of each lot (not soaked) was put in the 

3l4.0P room while other lots were being soaked* At the end 

of each soaking period samples of the soaking solution 
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were taken and put in the cold room at 0oF for later chem- 

ical determinations. Peas for each lot were drained for 

five minutes, weighed., and spread evenly to a depth of 

about half an inch on 23" x 23" five mesh to the inch 

stainless steel wire trays* This was a spread of appro- 

ximately one pound of peas per square foot of tray area. 

Each lot of part A of the first shipment,, after soaking 

sold weighing, was blanched separately for two minutes,, 

drained, weighed and also spread on trays. 

Dehydration 

The wire trays, with the peas spread on them as 

described before for each lot, were placed in a cabinet- 

type recirculating air dehydrator in the Food Technology 

Department. This dehydrator was developed by the Oregon 

State College Food Technology and Agricultural Engineering 

Departments (7ty.')« The dehydrator was described by Pettit, 

(52.), to consist of a self-enclosed cabinet, approximately 

six feet high and seventeen feet long, which is equipped 

with steam heating colls, a circulating air fan, adjust- 

able air vents, a steam jet humidifier, wet and dry tem- 

perature thermometers, electric and compressed air auto- 

matic controls, and racks for a full-load capacity of 

"fifteen trays of the t^pe on which the peas were spread. 

The dehydrator, similar in operating principle 
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to the two-stage tunnel dehydrators of commercial use, 

and functioning by automatic controls., established an 

initial dry^bulb air temperature Inside the cabinet., or 

"tunnel,," of 1950F.. After forty-five minutes of dehy- 

dration., the air temperature was gradually reduced,, over 

a period of one hour., until it reached ll$$0F  (dry-bulb).. 

It was held at this second level for the balance of the 

dehydration. 

The wet-bulb temperature during this latter stage 

dropped to a minimum of 850F where it remained until the 

peas were removed. The dry-bulb temperature of 110OF  and a 

wet^bulb temperature of 850F indicated a relative humid- 

ity at the final dehydration stage of approximately eight 

percent. 

A total dehydration time of approximately seven 

hours was used for all samples'* At the end of this 

period the tray-loads of dry peas were removed, weighed 

and put in 12 ounce glass jars closed tightly and stored 

at 3it-0F. 

Storage 

When the dehydration was completed, two full 12 

ounce glass jars of each lot were removed from 3l|.0P 

storage and put in controlled temperature storage room^ cne 

at lOQop for six months. Other samples were removed to 
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a chamber where room temperatores ranging between 70-75oF 

were maintained,. 

Moisture Determinations 

Moisture determinations were made on all samples-. 

The samples were accurately weighed in duplicate* placed 

in an electrically heated vacuum oven and held at a tern* 

perature of 900C for 2lj. hours. These were placed in a 

desiccator, after which they we're again weighed and the 

moisture contents were calculated* 

Rehydration 

Samples representing each treatment were tested 

for rehydration. A series of preliminary tests were 

run to determine what would be an optimum uniform pro- 

cedure. In these preliminary trials were included the 

factors of amount of cooking water with respect to the 

size of sample, time of soaking with water before cooking, 

open and closed-vessel cooking and length of boiling 

time at which maximum rehydration was obtained. Using 

these results, a uniform rehydration procedure was de- 

veloped which was then used for all samples as follows: 

Forty grams of dehydrated peas were added to 

500 ml of cold tap water in an aluminum pan and soaked 

for one hour. The water was drained off and replaced 
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witia another 500 ml of warm tap water. Ehe pans ©ere 

covered and placed on a gas burner and the peas were 

brought to boiling wfaieh continued for 10 minutes. At 

the end of the ten mitiuts boiling the burner was turned 

off and the peas were left in the water for 30 minutes 

afte^ which they were poured from the pan onto an eight* 

mesh to the inch screen and alloroed to drain for two min- 

iit#a* Immediately thereafter> the peas were weighed* 

fhe amount of rehydration was computed on the 

bails of the increase in the dry weight of the dehy- 

drated peas compared with the dry weight of the fresh 

p&&$f    The  following equation was developed by the author* 

(■'"' |( ? X -g*- = percent rehydration wher#i 

A = moisture free weight of 100 gms of fresh peas 

B = moisture free weight of dehydrated pee$ 

0 - increase in weight of dehy4i»$ted peas due to 

reconstitution 

I> = percent moisture in the fresh peas 

Organoleptie Appraisal 

In determining flavor in peas* the problem arises 

with respect to the method to be used. There are no 

satisfactory objective means for measuring the flavor 

as there are in color and teaderness* Foods must actu- 

ally be placed in the mouth in order to determine 
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the flavor. A panel of ten tasters was selected among 

the graduate students and the staff members in the Depart- 

ment of Pood Technology. The tasters were experienced 

in organoleptic judgments. 

Samples' were prepared for the tasters in the ssufe 

manner as they were prepared for the rehydration deter- 

minations. Samples were placed in cups coded with three 

digit numbers for each treatment and the reference was 

placed in the cup coded with the letter "R." The ref- 

erence was chbsen among th® treated peas that showed the 

highest range of rehydration which was the peas soaked 

for five hours and having 127 tenderometer reading. 

Each taster was seated in a separate booth equipped with 

a sink and an overhead green light; The green light 

was chosen to obscure the differences in the color of tthe 

peas. The tasters were instructed to record their judg- 

ments for the flavor and the tenderness on ballots simi- 

lar to the on© shown on page (3k.)*    The color was scored 

while the tasters were outside the booth under daylight. 

All samples were scored with respect to the reference. 

Scoring the Ballots 

The recorded judgments on each ballot were first 

decoded to identify the treatments. Each judgment was 

given a number starting with 1 for the highest score. 



Food Technology Department ^" 
Taste Test Ballot 

Date p/e/JlSf 
Test Wo.       V feas NameL 

Con^are each sample directly with the referenc^sampi^^Score 
each sample In all three sections - FLAVOR - TENDERNESS - COLOR. 

SAMPLE NUMBERS 
FLAVOR rit)* SO 4 Wx W4 

Much better flavor            / H* 3 % 1 

Moderately better flavor * 

Slightly better flavor    3 S ^ 

Same flavor as reference   f S 

Slightly poorer flavor   5 

Moderately poorer flavor « ^ 

MUch poorer flavor              1 
TSIDERNESS 

Much more tender 

Moderately more tender    •2- V S 

Slightiy more tender       3 

Same as reference             V vs 

SUghtly less tender      5 

Moderatexy less tender   * 

Mach less tender               ' iS 
COLOR 

?*ich more color                 ' 

Moderately more color    * 

Slightly more color        3 

Same as reference            nr S 

Slightly less color        «9 S S 

Moderately leas color     • s 
Mich less color                 ' 
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1$. for the reference and 7 for "khe lowest score. The 

numerical values obtained were considered as quanti- 

tative data and tsrers analysed using statistical methodsi 

Color Measurements 

The Hunter Color and Color-Difference Meter was 

used for the color measurement of peas. ij,0-50 gais of 

reconstituted peas for each treatment were employed in 

these measurements. 

The treatments were as followst 

1. Peas soaked in 0,2%  sodium hydroxide for 0, 

1, 5 and 10 hours before blanching; 

2. The same as 1, ©xeept the soaking was don© 

after blgnchingj 

3* The same as 1, except the soaking was done 

after the reconstitution of the peas. 

The Hunter "Rd" scale was used for all color 

measurements. The instrument was standardized against 

the National Bureau of Standards Kitchen Green tile 

having the Bd scale values: !,Rd," 3lj..O} "-a", 22.2j 

and rtb"9  15»3» The spot reading method was followed in 

presenting the samples to the instrument. Samples were 

placed in a polyethelene container, 3 inches long, 2*5 

inches viide and 1 inch deep. The container was pres- 

ented to the instrument in four different positions In 
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order to obtain four readings* The mean of each of the 

four readings •eras computed• 

HISTOCHEMICAL IHVBSTIGATIOHS 

For the histoXogical and the histochemical inves- 

tigations the untreated peas were compared with the peas 

soaked for 5 hours* Both had 127 tenderometer reading* 

These soaked peas showed the highest range of reconsti* 

tution* 

Sections for both fresh and reconstituted peas 

were cut with safety razor blades by hand* They were 

relatively thick sections compared with those cut with 

the microtome* Very thin sections, 10»l5jtti do not give 

positive chemical reactions because in them very thin 

tissues are present* 

Pectic Substances 

Several tiny crystals of Ruthenium Red were dis-* 

solved in distilled water, drop by drop* in a watch 

glass until the solution was a clear reddish-pink in 

color* Sections were left in the dye for 30 minutes 

then washed thoroughly and mounted in glycerin on a 

slide to be examined under th© microscope* 
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Gut in 

A saturated, solution of Sudan I? in 70fo  alcohol 

was prepared. The sections we^a left in this red stain 

for 20 minutes, washed with $0% alcohol to remove excess 

stain and transferred to a slide and mounted with glyc- 

erin for microscopic observations. 

Cellulose 

A solution of 0«3 g iodine, 1.5 g potassium 

iodide and 100 ml water was prepared. Sections were 

placed in a drop of iodine on a slide then covered with 

a coverslip and examined under the microscope* A drop 

of 75$ sulfuric acid was allowed to diffuse in from one 

side of the coverslip and the reactions were observed. 

HIST0L0GI0AL STUDIES 

In order to ascertain what changes had been de- 

veloped in the structure of the peas after soaking with 

sodium hydroxide, histological studies were undertaken. 

Preparation of Material for,Killing 

Fresh and reconstituted individual peas were cut 

into 3 to Ij. sections* The cut sections were placed in 

vials containing killing solution. The killing solution 
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was prepared,, using the following solutions? 

I. Randolph's solution 

A. Chromic acid        3 gms 

glacial acetic acid  21 ce 

distilled water    276 cc 

B# formalin and        90 cc 

distilled water    210 cc 

II. FAA ($0%  alcohol)t    formalin - acetic acid • 

alcohol. 

A*  formalin 12 cc 

9$%  alcohol        88 ce 

B. glacial acetic acid  10 cc 

distilled water     90 cc 

The two solutions were mixed in equal parts just 

before introducing the sections* The vials then were 

subjected to vacuum in order to withdraw the air from 

the Intercellular spaces. The vials were corked and 

left for 1|.8 hours. The seed coat was separated from 

the cotyledon in each section, 

The killing solution was washed from the sections 

by placing th© vials, covered with chees© cloth, for two 

hours in gently running water. 
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Dehydration and Infiltration 

To obtain a perfect sectioning, all traces of 

water must be removed from the material before it can 

be infiltrated with parafin. 

To assure a perfect dehydration* the materials 

In the vials were covered with a series of solutions 

one at a time as follows: 

1. 15%  alcohol    20 minutes 

2. 30$ alcohol    30 minutes 

3. 50$ alcohol    1 hour 

Ij.. 100 ml distilled water 80 ml 95$ alcohol 

20 ml tertiary alcohol 

5. 60 ml distilled water 100 ml 95$ alcohol 

I4O ml tertiary alcohol. 

6, 30 ml distilled \>rater 100 ml 95$ alcohol 

70 ml tertiary alcohol 

7« 90 ml 95$ alcohol 1.10 ml tertiary alcohol 

8. 50 ml 100$ alcohol 150 ml tertiary alcohol 

9. Tertiary butyl alcohol - 2 changes over a 

period of 6 hours. 

10. Tertiary butyl * parafin oil - two hours 

11. The tertiary butyl - parafin oil was trans- 

ferred to another vial which contained only 

about 1/3 of melted parawax that was left to 
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cool until there was a hard surface layer. 
i 

Th© vi&l was replaced in an oven adjusted at 

620C for four hours, 

12. The mixture was poured off and the material 

was covered with pure parawax and placed in 

the oven for 3 hours. This step was per- 

formed twice. 

13* The parawax was pared off and replaced with 

tissuemat enough to eover the material and 

left in the oven 1 hour. 

II4.. The tissuemat was changed with the vial near- 

ly full and left in the oven for two hours. 

Embedding 

The infiltrated material was placed in a small 

paper box or boat and covered with melting parafin. 

The paper-boat was placed on a warm plate in order to 

keep the parafin in the melting state while the sections 

were being arranged in a position that they might be se* 

parated for sectioning. The box of melted parafin was 

carefully moved to the cooler part of the plate until 

the lower layer of the parafin was solidified, after 

which it was floated on 1c© water until completely 

solidified. 



Sectioning and Mounting the Hibbon 

The  parafin block was separated from the paper* 

boat and cut into small cubes, each cube containing a 

whole section* These cubes were soaked in water over 

night then mounted squarely on wooden blocks and placed 

in the microtome in the laboratory of the Botany Depart* 

ment of Oregon State College* Very thin sections of 1.5 

microns (1 micron = 1/1000 mm) were sliced forming a 

ribbon for both the seed coat and the cotyledon* Clean 

slides were prepared by rubbing the surface with the 

finger, using an adhesive such as HaUpt's solution to 

form a very thin film and then flooded with £$ formalin. 

The ribbons were next floated on this solution on the 

warming plate until they were stretched. The slides 

were placed in an oven at 380C for 12 hours to be dried. 

Staining 

The slides were treated in the following series 

of solutions that were prepared in staining dishes as 

follows! 

1. Dipped in xylol for five minutes 

2. Added 100$ alcohol (few drops from a droppirg 

bottle) 

3. Dipped in 95$ alcohol for one minute 
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Ij., Dipped in water for three minutes 

5. Dipped in mordant, 2%  iron alum for 1{.0 

minutes 

6. Dipped in very dilute hematoxylin* Length 

of time was based on the concentration of 

staining solution, 

7. Washed in water for 5 minutes 

8. Dipped in aqueous safranin* Length of time 

was based on the concentration of staining 

solution. 

9. Rinsed in water 

10. Rinsed in $0%  alcohol 

11. Rinsed in 95$ alcohol 

12. Rinsed in xyol and mounted in balsam. 

Starch Grains 

Ten gram samples of each of the treated and the 

untreated peas were separately, finely ground by a me- 

chanical grinder. Each sample was osterized with f?0 mis 

80$ ethyl alcohol for 3 minutes, A drop of the slurry 

was spread on a slide and mounted with glycerin. A 

number of microscopic observations were made on several 

slides prepared from each slurry. 

Photomicrographs were taken for typical slides 

showing both treated and untreated pea tissues as well 
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as the individual stafcch grains* 

Shear-Press Tests 

To determine the tenderness of the reconstituted 

peas* a shear-^press, built by the Bridge Food Machinery 

Company, was used* 

Kramer (39) stated that the shear^press was equal 

in precision and accuracy to the tenderometer and supe- 

rior to the textur©meter. 

Thirty gms of reconstituted peas were placed in 

the shear-press container and pressure was applied to 

shear the peas* The resistance of the peas to the fork 

of the shear**press was indicated by the reading on the 

dial which indicates the amount of pressure in pounds. 

Thet;guage that measures the pressure from 0 to IfpOO 

pounds was used* 

CHEMICAL ANALYSES 

Alcohol~Inspluble-Solids 

For the determinations of alcohol insoluble 

solids and total sugars, a slurry was prepared for each 

of the treated and untreated peas as follows: 

Dehydrated peas equivalent to 100 gms of fresh 

peas were finely ground and blended with 80 ml 95$ 
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aleohol for 3 minutes. These were poured and rinsed 

into tared screw-cup glass jars and sufficient alcohol 

was added to make the volume 100 ml, after which the jars 

were capped tightly. The jar of slurry was shaken vigor* 

ously by hand to loosen the solids from the bottom* The 

cap was removed from the jar and the slurry was vigor- 

ously agitated by m#ans of a motor*driv©n stirrer. 

During agitation, 1.6 ml of sample were removed with a 

pipette and trahsforred to a tared centrifuge tube. 

After being centrifuged* the supernatant fluid was 

poured off into tared screw*cup jars. The residue was 

washed once with 80$ alcohol and twice with 95$ ethyl 

alcohol by centrifugation and decentation. The residue 

in the centrifuge tube was dried in an air oven over- 

night at 7©00 aa d then weighed* The percent of aloofeol- 

insoluble solids was calculated. The supernatant fluid 

and alcohol washings were used for the determination of 

the total sugars. 

Total Sugars 

The modified Jack Mielsen Cerlc Sulfat© Method was 

used. The supernatant liquid of the alcohol insoluble 

solids was poured into a 100 ml volumetric flask. To 

this was added about 25 ml of water and k m^ 0^ satu- 

rated neutral lead acetate, after shaking, 8 ml of 



saturated disodium phosphate were added and the solution 

was made up to volume and filtered* To a 10 ml aliquot 

of the filtrate in a 50 ml volumetric flask 20 ml of H 

hydrochloric acid were added. The flask was heated for 

10 minutes at 1000C in boiling water, and cooled for 5 

minutes under running water* To $ ml of the filtrate* 

1 drop of ..02$ phenolphthalein solution was added* The 

solution was made alkaline with 1$%  sodium hydroxide 

until the color was faintly pink* Ten ml of potassium 

ferricyanide were added, the solution was heated again 

in the same manner for 15 minutes and then eooled. Eight 

ml of 51! sulfuric acid and 5 drops of setopaline indi* 

cator were addeSdv Then the solution was titrated with 

.01 M eerie sulfate to a golden brown color. The percent 

of total sugars was computed as follows: 

% Total  ml 0e(Sel^2 - blank x 2000 

ml CeCSolj.)^ for 5 ml standard - blank ^i^^py 

Sodium 

The sodium was determined by means of the Flam# 

Photometer using a wavelength of 589 millimicrons. 

Standards of,.0, 5* 10, 25, 50, 80 and 100 parts pes» 

million of sodium were prepared, tested and a standard 

curve was drawn* 



Peas were finely ground and screened through a 

60 mesh to the inch screen. One gram samples v/ere 

weighed for each treatment and placed in 100 ml volu* 

metric flasks. Distiiled water x^as added to the mark 

and the solution was filtered after 5 minutes of shaking. 

The filtrates were cloudy so they were eentrifuged for 

20 minutes at 3000 RPM and a clear supernatant was ob- 

tained. Samples were then determined by the Flame 

Photometer belonging to the Department of Horticulture 

at Oregon State Oollege. 

Calcium and Magnesium 

Five grams of finely ground dehydrated peas s&or 

each treatment were weighed. Each sample was ashed, 

then dissolved in hydrochloric acid (H\2), evaporated 

to dryness and heated at 110oF for one hour. The 

residue-was dissolved in hydrochloric acid (1+!}.)■* fil* 

tered into a 50 ml volumetric flask and made to volume 

after which all the steps of the procedure outlined in 

the A.O.A.C. Methods of Analysis (^5, p. 326-327) 

were followed. Qualitative analysis of both calcium 

and magnesium in each of the samples, taken from the 

soaking solutions after 1, 5 and 10 hours, were deter- 

mined. 
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Aaeorbie Acid (Vitamin G) 

Fresh peas contain greater amounts of ¥ltaiain 0 

ths^n ef any other vitamin© (73) • 

The O.S.C. Modificatien of the Golorometrlo 

Method (1^1) of determination the redueed vitamin 0 was 

employed. The Eleotropht^teBieter was set at zero using 

distilled water and utilissing the B $$$ mix   filter. 

Twenty grams of reconstituted peas for each treatment 

were weighed, blended with 180 ml of 3$ metaphosphori© 

acid for three minutes and filtered. One ml of the 

filtrate was transferred Into a clean photometer tube. 

Ten ml of sodium citrate metaphosphorlc acid buffer and 

10) ml of dye were added to the tube and then it was placed 

into the photometer. Readings were recorded within 30 

seconds each. These were corrected for turbidity of the 

samples deducted from the net readings on the dye blank 

and the amounts of ascorbic acid were calculated. 
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CHAPTER IV 

RESULTS 

Percent Moisture in Dehydrated Peas 

The results of the moisture determinations in the 

dehydrated peas are shown in table 1 and figure 1« These 

results indicate that the peas having 88,102, 111 and 12? 

tenderoiaeter readings and, which were soaked for one hour 

in sodium hydroxide, contained relatively lower amounts 

of moisture, than the untreated peas* The peas having 

118 and 150 tenderometer readings and that were soaked 

for one hour in dodlum hydroxide, exhibit higher mois- 

ture levels than the untreated peas* The moisture eon- 

tents of peas treated for more than one hour are vari- 
r 

able and there is no definite correlation with the mode 

of treatment or the stage of maturity. The results 

shown in table 2: indicate that the treated peas gained 

weight between 8 and 18 percent due to the soaking treat- 

ments* The amount of increase depends upon the time of 

soaking* This means that more moisture was evaporated 

from any treated peas than from the untreated ones, con- 

sidering that all were dehydrated under the same condi- 

tions.- 



TABLE 1 

Moisture Contents of Dehydrated Peas at Six Stages; of Matu3?ityj 
and Soaked in a Solution of 0,2$ Sodium Hydroxide at Different 

Lengths of Time Prior to Dehydration 

Tenderometer 
Readings of 
Fresh Peas 

Percent 
Moisture 
in Fresh 

Peas; 

Percent 
Time of 

Moisture in Dehydrated Peas 
Soaking in 0*2$ Sodium Hydroxide 
Before Dehydration 

(Maturity) 
0 hr 1 hr 5 hrs 10 hrs 

88 83*38 6.20 5*85 5.75 8.25 

102 80.51 6.3© 6.05 6.05 5.80 

111 79.65 5.15 k:7Q ^.85 k*7Q 

118 ?9^30 6.95, 7.00 7.16 6.97 

12? 78.70 . 5.63 5.13 5.92 5.60 

150 76.65 5.88 6. llj. 6.66 6,20 
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v TABLE 2 

Relationships Between Moisture Levels of Dehydrated 
Peas at Different Stages of Matiirity 

and Different Treatments 

Percent Time of Soaking Percent Percent 
Moisture in 0*2$ Sodium Increase Moisture 
in Fresh Hydroxide After in in 

Peas Blanching Weight Dehydrated 
(hour) Peas 

83.38 0 *» 6.20 
if 1 12.0 5.85 
M 5 16.0 5.75 
It 10 11.2 8.25 

80.51 0 •m 6.30 
ti 1 10.0 6.05 
tt 5 9.5 6.05 
8! 10 11.0 5.80 

79.65 0 ■» 5.15 
M 1 8.6 1|.70 
n 5 

>>$ 
k.85 n 10 14-.70 

79.30 0 m» 6,95 n 1 13.0 7.00 
n 5 13.0 7.16 

6.97 i« 10 154 

78.70 0 «» 5.63 n 1 lk.k 5.13 n 5 13.5 
15-.8 

5.92 
it 10 5.60 

76.65 0 m 5.88 
tt 1 14.5 6.1k 

6.66 n 5 17.0 
tt 10 18.7 6.20 
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Percent Rehydratlon 

The percent rehydratlon obtained from the reconsti- 

tution of the peas before storage are shown in table 3 

and figure 2* The results indicate that the treated peas 

at any stage of maturity yielded a higher percentage of 

rehydratlon than the untreated* The percent of rehydra- 

tlon was increased relatively with the time of soaking. 

The peas having the tenderometer reading 12?, showed 

th© highest percentage of reconstitution. These ranged 

from 82 to 99.1|- percent. The statistical analysis of 

variance, table 16, shows that this difference is signi- 

ficant at the $%  level. Th® peas that were soaked 

before blanching exhibited almost the sansa percentage 

of rehydratlon as shown in table 3 and graph 2. The 

results of rehydratlon obtained from reconstituting peas 

stored at" 100oP for six months jir© presented in table 3» 

These results show no definite correlation between 

results obtained before or after storage. Although the 

results fluctuate between increase and decrease, they are 

quite close to the values that were obtained before 

storage. 

Dehydration Ratios 

The dehydration ratios were obtained by dividing 



TABIM 3 

Relationships Between Percent Reeotiatitution of Peas at Pifferent Staees 
of Maturity^ Different Tpeatmenta and Storage Conditions 

Tenderometei? 
Reading 

(Maturity) 

88 

102 

111 

118 

150 

88* 

Percent 
Moistur© 
in Fresh 

Peas 

83.38 

80.51 

79.65 
79.30 

78,70 

76.65 

Percent Rehydration (Reeonstitution) 

Time of Soaking in 0,2$ Sodium Hydroxide After 
Blanching 

0 hr 1 hr 5 hrs 10 hrs 

B 

70,8 

80.5 

7^.6 

73.2 

82,0 

80*!j. 

A 

62,8 

80.5 

77.3 
73.2 

81.5 

80.6 

B A B A B A 

83.1 

90.8 

79.0 

83*2 

96*5 

88.8 

75.2 

90.1 

82.!{. 

83.0 

95*9 

89.0 

88*5 

9ii..9 

89.2 
81^.8 

98.6 

96*1 

88*5 

90*2 

91*1 
8I4..2 

96.5 

96*1 

89*0 

96*1^. 

91*5 
87*0 

99*^ 
96.1 

81^*0 

9^.8 

92.7 

87*7 
98.6 

96*8 

83.38 75.1 76.6 77*2 77*9 

B 
A 

before storage 
after six months storage at 100oF 
peas staked in 0,2^ sodium hydroxide before blanching vn 
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the fresh weight of the peas by the dehydrated weight. 

The results are shown in table If and figure 3-* 

TABLE k. 

Relationships Between Dehydration Batios of Peas 
Having Different Stages of Maturity and 

Different Treatments 

Tenderometer 
Heading 
(Maturity) 

Time of Soaking in 0.2$ Sodium Hydroxide 

0 hr 1 hr 5 hrs 10 hrs 

88 7.03 6.55 7.12 7.50 

102 5.61 6.oo 6.1^9 6.93 

111 5.50 5.96 6.20 6.25 

118 5.13 5.36 5.63 5.76 

12? 5.15 543 5.03 5.65 

1^0 ij..29 li..6l ^.78 1^.96 

These results show that there is a decrease in 

the dehydration ratio for all treatments as the tendero- 

meter readings of the fresh peas increase. Peas having 

102, 111, 118 and 150 readings showed an increase in the 

dehydration ratio as the time of soaking increased, 

whereas in the peas having 88 and 127 tenderometer 

readings they did not show the same relationships. 
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TABLE $ 

The Average of Ten Tastersr Judgments of the Effect of Sodium Hydroxide 
on the Tenderness ©f Reconstituted Peas 

Tenderc 
Re ad 1 

(latui 

>meter 
•ng 

Peas not 
soaked 

Peas soaked 
1 hr in 

0*2^ sodiiam 
hydroxide 

Peas soaked 
5 hrs in 

0.2^ sodium 
hydroxide 

Peas soaked 
10 hrs in 

0.2^ sodiirm 
hydroxide 

B    A, B A B A B A 

88 *k*l     5*6 2.5 ^*9 2.7 if.O 3.5 ^.9 

102 W k.9 3.1 3.2 5.0 5.2 3.8 1^.7 

111 5.0  5.3 5.0 5*3 M 1^.8 >3 ^2 

118 5.1*.  6.2 3.9 kfl ^-.9 5.2 1^2 P-1' 
12? If, 9  5.6 3.8 k*9 3.7 |j..O 3.6 .li..2 

150 5.0  l{..5 14-7 5.0 1^.7 k'Z. 1^.5 k-k 

B 
A 

before 
after s 
scores 

storage 
six months of storage at 
were based on a scale of 

lOQOp 
' 1 for the highe ist^ 

[j. for the control and 7 for the lowest. 

CD 



TABLE 6 

Sbaar^Press Values of Reconstituted Peas at Different Stages of Maturity 
and different Treatments 

Tenderometer Percent     Shear-Press Readings of Reconstituted Peas 
Reading    Moisture  s>___ij     -  
of Fresh in Fresh   ^lme  of soaking in 0,2%  Sodiua Hydroxide Before 
?v&s V*8*                                              Dehydration 

<Maturity) 0 hr        1 hr 5 hrs 10 hrs 

B A B A B A B A- 

88 

102 

111 

118 

127« 

1^0 

*127 

83.38 300 305 2l|.0 

80.51 305 310 227.5 

79.65 325.5 357.5 325 

79.30 307.5 310 

78»70 305 310 

76.65 352.5 355 330 

78.70 308 305 300 

235 

230 

330 

277.5 280 

260 262.5 

330 

305 

227.5 225 212 210 

217.5 222 215 220 

2^2.5 2l|^.5 227.5 230 

275 277.5 255 262.5 

255 250 257 260 

327*5 325 300 295 

320 315 320 310 

B  before storage 
A.  after six months of storage at 100^ 
*  peas soaked before blanching V0 
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of variance are shown in table 17. 

The peaa that were soaked before blanching showed 

no noticable difference between the treatments as table 

6 and figure Ij. indicate * 

Flavor of Reconstituted Peas as Determined by Taste 

Test Panel 

The scored that were given by the tasters are 

shown in table ?• The results Indicate that the un- 

treated peas had less flavor than the control which con- 

sists of peas soaked' for five houra in 0*2$ sodium hydro- 

xide. The analysis of variance, table 20 shows that 

there is a significant difference between the treat- 

ments and no significant difference between the stages 

of maturity on the 5$ level. Peas tasted after six 

months of storage at 10OOF shox? approximately the same 

results as indicated in tables 20 and 21. 

Color or Reconstituted Peas as Determined by Panel 

The average of ten persons' judgments are shown in 

table 8. The results indicate that untreated peas pos- 

seasciess color than any of the treated ones. The analy- 

ses of variance, tables 22 and 23, indicates that there 

is a signifleant difference betv/een the treatments, 

stagea of maturity and the tastars; After six months 



TABLE 7 

The Average of Ten Tasters* Judgments of the Effect of Sodium Hydroxide 
on the Flavor of Reconstituted Peas 

Tenderometer 
Reading 

{Maturity} 

Peas not Soaked 

1 

Peas Soaked 
1 hr in 

0*2$ Sodium 

Peas 
5 hr 

0*235 

Soaked 
s in 
Sodium 

Peas Soaked 
10 hrs in 

Q»2$ Sodium 

B      A B A B A B 

. 4*2 

A 

88 «4»'2,... ■. ii«8 ^.1, .^6 ^k   . 3*9 5*7 

102 54   5*6 3*4 4*1 4*8 5*5 4*8 5*0 

111 M   V9 3.9 5*0 3*7 4*0 3*4 4*1 

118 k*$        k.9 3*7 3*7 3*9 4*7 3*9 4.9 

12? Ik 5   ^9 3*7 M 3*5 4*1 3*9 4*8 

150 if. 3   k*k 3*8 4*3 3*8 4*2: 4a 4>3 

B  Before 
A  After 
•»  Scores 

storage 
six months of 
were based on 

storage at 100^ 
. a scale of 1 for the hi ghest i 

4 for the control and 7 for the lowest* 

to 



TABL1 8 

The Average of Ten Judges' Reactions to the Color of Reconstituted 
Baas Treated With Sodium Hydroxide. 

Tenderc 
Read 5 

(Matuz 

imeter 
•ng 

•Ity) 

Peas not 
Soaked 

Peas Soaked 
1 hr  in 

0.2$ Sodiiam 
Hydroxide ' 

Peas Soaked 
5 la»s in 

0.2^ Sodium 
Hydroxide 

Peas Soaked 
10 hrs in 

0..2$ Sodium 
Hydroxide 

B A B A B A B A 

88 *64.,. 6.9 5,0  &*9 4-5 5.3 4.7 .. 5*2 

102 6.0 6.5 3.7 k*. 54 64 3.7 5.2 

111 6.1 6.7 5.6 64 k+2 5.2: 4a . 5.0 

118 5.7 6.8 Ij-.O 5.1 M 5.5 3.7 5,3 

127 5.7 6.5 3.9 S-1 ^.3 M 3*7 4.3 

150 6.3 6'4 It.. 3 k.9 4.7 5.o 4*3 44 

B 
A 

"before 
after 

storage 
six months of storage at lOO^F 

scores were based on a scale of 1 for the highest, 
I4. for the control and 7 f©** the lowest 
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of storage, the scores showed the same pattern as Is 

displayed In table 8, but the untreated peas received 

relatively lower scores compared with those tested be- 

fore storage. 

Color of Reconstituted Peas aa Determined by the Hunter 

Color and Color-Difference Meter 

The results are indicated in table 9 and figure £• 

These results show that the wavelengths increase with 

the decrease of time of soaking. The untreated peas 

show the lowest dominant wavelength.  Peas tested after 

six months of storage show a relatively higher dominant 

wavelength compared with the peas tested before storage, 

whether they were treated or imtreated. The data pfced*"- 

ented in table 10, referring to peas soaked before 

blanching aad those soaked after reconstitution, show 

that the wavelengths obtained for the treated and the 

\intreated peas are very close in the wavelengths they 

display. 



TABLE 9 

Hunter Color and Color-Difference Meter Readings and Dominant Wa^elengtiis 
of geeonstituted Peas After Different Treatments 

and Storage Conditions 

Time of Soaking 
in 0.2% Sodiura 
Hydroxide After 

Blanching as ■-m b 

per- 
cent 

7 

per- 
cent 

X 

Dominant 
f^avelength 

Mlilimicrons 

10 hrs^ ,.M - ,9,8   . ...,5L2^:. 30,7     . 3M :, :M 
© 

© 60 5 Jars '?•? 13.2 11,5 35.5 39,a 570 
o u u o 
<D 43 

.1 hr 7^9 13.3 11.5 36.6 39.7 \    577 
mm 

0 lar a.s 13.2 12^0 36-3 35,5 582 

10 brs 7.*9 9.9 12,0 31*0 36.0 550 

© 5 hrs 7.9 13.3 11.5 37.2 39.8 57^ 

^ o 
<43 

1 hr 7*9 13.2 11.5 37.5 39*7 578 
m 

0 hr a.3 13.3 12.0 36.7 35,3 58^ 
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TABLE 10 

Hunter Color and Color-Difference Meter Readings 
and Dominant Wavelengths of Beconstituted Peas* 

After Different Treatments 

■ Time of 
Soaking 
in 0.2% 
Sodium 
Hydroxide Bd *a b 

per* 
cent 
y 

Dominant 
Wavelength 

P®*1*: in milll- 
c®nt microns 

•v  a  o hr 
© "H 7.9 13.2 114 37.6 39.8 579 

^■3 1 hr 

«IVI« 5 hrs 

8.2 

8.8 

13.3 

13.2 

12.0 

12.0 

36.8 

36.3 

354 

35.6 

578 

579 
© o 
fx. o 10 hrs 

© 8.0 13.2 114 37.8 39.8 583 

-a o 0 hr 
o)5 

8.3 13.3 12.0 36.7 35.3 581* 
^1 w 

'.0,tQ 
7.8 134 11.5 38.0 39.0 581 

«£ 5 hrs 
«80 

8.1 13.3 12.1 36.9 36.0 579 

^ 10 hrs 
PQ 

8.0 13.2 11.3 37.7 39.7 582 

* tenderometer 127 
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Histological Studies 

Photomicrographs were taken of some topical slides 

for each prepared cross section. Figure 6 shows a cross 

section in the seed coat of an untreated reconstituted 

pe-as. The 10 x power lens was used whieh gave the 

i    section a 100 x The seed coat cells are shown in normal 

conditions, adhering to one another and possessing a 

regular shape. The cutIn layer is complete and rela- 

tively thick. 

Figure 7 shox^s a cross seetion of a seed eoat of a 

pea that was soaked for 5 hours in 0.2$ sodium hydro- 

xide after blanching, dehydrating, and reconstituting. 

The figure represents the same magnification power as 

the untreated. The cuticle layer appears broken or 

damaged and not as thick as in the untreated peas, fhe 

cells in the palisade layer are somewhat separated or 

deranged* The cells of the spongy layer are also sepa- 

rated and misshapen. 

Figure 9 shows a photomicrograph of a cross section 

of a cotyledon of an untreated reconstituted pea. The 

picture was taken using the 10 x power lens whieh gave 

the cross section 100 x. The cells appear in normal con- 

dition. They adhere to each other and the cell walls 

show normal shape and order. 
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Figure 11 shows the same cross section under a 

higher magnification which gives the section 1^.00 x. The 

adhesion of the cells to each other appears to be more 

pronounced* 

Figure 8 shows a photomicrograph of a cross seetion 

of a reconstituted pea cotyledon soaked for 5 hours in 

0.2$ sodium hydroxide after blanching. 

This cross section is 100 x* The cells appear ab- 

normal and they are mostly separated from each other* 

Figure 10 shows the same cross seetion under a ij.0 x power 

lens which gives the section ij.00 x. The separation of 

the cells from each other appears clearly and they do 

not retain their normal shape and arrangement. 

Figure 12 shows a photomicrograph of starch grains 

for untreated peas* The starchigrains are magnified 

100 x. The starch grains appear to be separated and 

the individual grains are in their normal state. Figure 

13 shows the same magnification of the starch grains for 

peas that were soaked for 5 hours.in 0.2$ sodium hydro- 

xide. The starch grains are shown in groups, forming 

clusters or aggregations. 
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Figure 7 

Figure  6 



Figure  9 
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Figure 8 
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Figure  11 

Figure  10 
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Figure 12 

Figure  13 
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HISTOCHEMIGAL STUDIES 

Cut in 

Several slides were prepared for both the treated 

and the untreated peas and tested with Sudan IV, The 

results showed that red color was obtained for both 

treated and untreated sections, indicating the presence 

of cutin. The red color was located in the cuticle 

layer, around the cells and as droplets; inside the cells. 

The color was more pronounced in the untreated peas than 

in the treated peaa. 

Pectic Subatances 

Section® were prepared from both treated and un- 

treated peas. The test with Ruthanlum red gave a red 

color between the cells which was continuous through- 

out the entire section. A red color in scattered spots 

between the cells was obtained for the treated sections. 

Cellulose 

The test for cellulose was positive for both sec- 

tions of the treated and the untreated peas. The cellu** 

lose membrane swelled when a drop of 75$> sulfuric acid 

was introduced into the sections. 
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CHEMICAL MALYSIS 

Effect of Sodium Hydroxide on the Total Sugar Content 

The results of the chemical analyses for total 

sugars on four samples of peas that received different 

treatments; are shown in table 11 and figure llj.. These 

results indicate a decrease in the total sugars as the 

time of soaking increases* The treated peas had less 

sugar content than the untreated peas* 

TABLE 11 

Total Sugar in K-Peas as Affected by Sodium Hydroxide 

Time of soaking In 0.2$ sodium 
hydroxide 

Ohr  Ihr  Shrs  10 hrs 

Percent Total Sugars   1.3   0.62  0*42:   0.26 

* tenderometer reading 127 

Effect of Sodium Hydroxide on the Content of Alcohol* 

Insoluble Solids 

The chemical analyses of the alcohol-insoluble 

solids for treated and untreated peas are shown in 

table 12 and figure llf. 
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The results indicate a very slight decrease in the 

percentage of alcohol-insoluble solida due to the sodium 

hydroxide treatment s. 

TABLE 12 

■KAlcohol-Insoluble Solids as Affected by Sodium Hydroxide 

Time of soaking in 0*2%  sodium 
hydroxide 

0 hr  1 hr $ hrs  10 hrs 

Percent alcohol- 
insoluble solids      21.88 21.62 20.66  20.32 

■» Peas having tenderometer reading 127 

Effect of Sodium Hydroxide on the Content of Calcium and 

Magnesium 

The results of the chemical analyses of calcium 

and magnesium are shown in table 13. These results indi- 

cate that the treated peas contain less calcium than the 

untreated peas, whereas more magnesium is shown in the 

treated peas. 
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TABLE 13 

Calcium and Magnesium Contents in *Peas as Affected 
by Sodium Hydroxide 

Time of Soaking in 0.2$ Calcium Magnesium 
sodium hydroxide in mg in mg 

0 hr 21.10        9.90 

1 hr 20*70 12.75 

5 hrs 17.15 12.30 

10 hrs 17.10 12.90 

« Tenderometer reading 127 

The calcium and magnesium in the soaking solu- 

tions were determined qualitatively. The results were 

positive for the calcium in both the 5 and the 10 hours 

soaking solutions and negative for the magnesium. 

Sffect of Sodium Hydroxide on the Sodium Content 

The analyses of sodium in four samples of peas 

that had been soaked in 0.2$ sodium hydroxide for dif- 

ferent lengths of time are shown in table lij. and figure 

15. These results illustrate that treated peas contain 

more sodium than the untreated ones. The sodium content 

was increased with the increment of time of soaking* 
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TABLE llf. 

Sodium Content in #Peas as Affected by Soaking in Sodium 
Hydroxide 

Time of Soaking in 0,2% 
Sodium Hydroxide 

PPM (parts per million) 
sodium per 10 gms recon- 

stituted oeas 

0 hr 

1 hr 

5 hrs 

10 hrs 

h 
5 

56 

89 

« tenderometer reading 12? 

Effect of Sodium Hydroxide on Vitamin 0 Content 

The analyses of vitamin C (ascorbic acid) in four 

samples of peas having 127 tenderometer reading and 

soaked in 0.2$ sodium hydroxide are indicated in table 

15» The results show that the treated peas contain less 

vitamin G than the untreated ones* The vitamin C 

decreases as the time of soaking increases* 
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TABLE 15 

Vitamin C Contents in Peas as Affected by Sodium Hydroxide 

Time of Soaking in O..Z$ Mg vitamin C/lOO gms re- 
Sodium Hydroxide constituted peas* 

0 ill? 2;, 5 

1 far 1,.3 

5 fars ,8 

10 fars .6 

* tenderometer reading 127 
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TABLE 16 

ANALYSIS OF VARIANCE 

Percent- Rehydration of Peas; at Different Stages of Matu- 
rity and Different Treatments 

Variation Degrees? of Sum of   Mean    F   Remarks; 
Due tot   Freedom   Squares; Square 

102.66 30,92 *•*- 
330.Qk     9.96 * 
3.32 

Total 23. 1555,82 
Maturity 5 513.36 
Treatments: 3 .   992,53 
Error 15 14.9.93 

«■ Significant at the 5$ level 

. TABLE 17 

AIALXSIS OF VARIAIG® 

Shear-Press Values of Reconstituted Peas at Different 
Stages of Maturity and Different Treatments 

Variation Degrees of Sum of    Mean   F   Remarks 
Due tot   Freedom   Squares.  Square 

Total 23 lj-5668 
Maturities 5 19909 3981.80  10.92 * 
Treatments 3 19799 6599.66  16.61 ** 
Error 15 5960   397.33 

* Significant at the S%  level 
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TABLE 18 

ANALYSIS OP VARIANCE 

Scores Given by Ten Tasters on the Effect of Sodium 
Hydroxide on the Tenderness of Peas Reconstituted 

Before Storage 

Variation Degrees of Sum of Mean P   Remark» 
Due tot Freedom Squares Square 

Total 239 36k.6k3 •* 

Taster si 9 8.381 5.74 * 
9.89 ** Maturities ,5 14.906 

Error (a) 45 67.067 1.496 - 

Treatments 3 38. m 
30,866 

12.774 
2.058 

25.38 »*■ 
Tr XM 15 4.23 * 
Error (b) 162. 78.84,7 .486 •  ■& 

* Significant at th© 5%  level 

TABLE 19 

ANALYSIS OF VARIANCE 

Scores Given by Ten Tasters on the Effect of Sodium 
Hydroxide on Tenderness of Peas Reconstituted After Six 

Month Storage at 100oP 

Variation Degrees of Sum of Mean F 
Due tos Freedom Square S3 Square 

Total Z39 465.163 .» 

Tasters) 9 123.121 13.6800 
4.337 

6.33 
Maturities ,5 21.688 2.00 
Error (a) 45 97.1100 1.158 m 

Treatment s 3 34.546 II.515 13.58 
Tr XM J* 50.1*2? 3.361 3.95 
Error (b) 162 138.274 0.847 

* Significant at the 5$ level 

Remarksi 

# 

*H$- 
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TABLE 20 

ANALYSIS OP VARIANCE 

Scores Given by Ten Taaters on the Effect of Sodium 
Hydroxide on the Flavor of Peas Reconstituted 

Before Storage 

Variation Degrees of Sum of Mean F  Remarks 
Due to: Freedom Squares Square 

Total 239 37&.7959 w ^, 

Tasters 9 8k.50i}2: 
8.8209 

9.389 6.33 * 
Maturities* 5 1,764 1.19 
Error (a) ks 66.7208 1.482? . 

Treatments 3 18^59 
20.6291 

6.153 k.k-7   * 
Tr X I 15 1.375 1.28 
Error (b) 162 173.6750 1.0720 * 

* Significant at the 5$ level 

TABLE 231. 

ANALYSIS OF VARIAMGE 

Scores Given by Ten Tasters on the Effect of Sodium 
Hydroxide on the Flavor of Peas Heconstituted 

After Six llonths Storage at 100oF 

Variation Degrees of Sum of Mean F  Remarks 
Due to-j Freedom Squares Square 

Total 239 370.934 
Tasters 2 46*523 

12,734 
10^.683 

5.167 
2*54o 
2.281 

2.25 
Maturities 
Error (a) •J 1.11 

Treatments 3 13.034 4.3i4 4.22   * 
Tr X M 15 29.366 1.957 1.903 
Error (b) 162 166,594 1.028 ow 

a  Significant at the 5$ level 
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TABI^ 22 

AHALYSIS OP VARIMGE 

Scores Given by Ten Tasters on the Effect of Sodium 
Hydroxide on the Color of Peas Reconstituted 

Before Storage 

Variation  Degrees of  Sum of    Mean   P  Remarks 
Due tos    Freedom   Squares  Square 

Total 239 381 ^96 
Tasters 9 90*121 8.902      7.98k   # 
Maturities 5 19*921 3>98i|.      3.573 
Error  (a) i|5 50*20k 1.115 
Treatment 3 13k*Qt\b i^.*682 108.715   «* 
Tr X M 15 30*629 2.01^2      1^.968    * 
Error  (b) 162 66.575 O.^ll 

« Significant at the 5$ level 

T&BtE 2^ 

ANALYSIS OF VARIANCE 

Scores Siven by Ten Tasters on The Effect of Sodium 
Hydroxide on the Color of Peas Reconstituted 

After Six Months Storage at 100oP 

Variation Degrees of Sum of lean P Remarks 
Due to: Freedom Squares Square 

Total 239 231.896 4* .» 

Tasters 9 33.937 3,77 7.09 * 
Maturities 5 23.721 1^.72: 8.85 -» 
Error (a) ^5 23.968 .533 
Treatments 3 68.910 22.97 ia. 99 «■ 

Tr X M 15 IL2.629 
88.713 

2.80 5.11 
Error (b) 162: .51^7 

* Significant at the 5$ level 
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PLATE I 

Six Stages of Maturity of Peas Soaked for Five 
Hours in 0,2%  Sodium Hydroxide, and Dehydrated 

Stages of Maturity as Indicated by Tenderomoter 
Reading 

1. 38 
2. 102 
3. Ill 

lu 118 
5. 12? 
6. 150 
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PLATE II 

Six Stages of Maturity of Peas Soaked for Five 
Hours in 0.2^ Sodium Hydroxide, Dehydrated and 

Reconstituted 

Stages of Maturity as Indicated by Tenderometer 
Reading 

1^.118 
5.12? 
6.150 

1. 88 
2. 102 
3. 111 
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PLATE III 

Peas Soaked in 0.2^ Sodium Hydroxide, Dehydrated 
and Reconstituted Before Storage at 100oF 

6-T-O Control (not soaked) 
6-T-l Soaked one hour 
6-1'-2 Soaked five hours 
6-T-3 Soaked ten hours 

*l[--T-2 Soaked five hours 

* Tenderometer reading of this sample was 118, 
of all other 12? 



89 

PLATE IV 

Peas Soaked in 0.2$ Sodium Hydroxide, Dehydrated 
and Reconstituted After Six Months Storage 

at 100oP 

I4-T-O Control (not soaked) 
I4.-T-I Soaked one hour 
I4-T-2 Soaked five hours 

*l|-T-3 Soaked ten hours 

« Tenderometer reading of all samples 127 
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CHAPTER V 

smmrni 

Six shipments of fresh shelled Dark Skin Perfec- 

tion peaav (Plsum satinua),. having 88,. 102,, 111,. 118,. 127 

and 1^0 tenderometer readings,, were received from 

Pendleton, Oregon. The moisture content was determined 

for the fresh peas at each stage of maturity,. With the 

exception of four samples which were soaked before 

blanching each shipment was blanched in boiling water,. 

divided into four lots and soaked in 0»2$ sodium hydrox- 

ide for 0, 1, S> and 10 hours;. The peas were then dehy- 

drated in a cabinet-type, recirculating air dehydrator 

in the Pood Technology Department.. The moisture contents 

of the dehydrated peas of each lot were determined. Sam- 

pled! of dehydrated peas representing each lot were put in 

12 ounce glass jars, closed tightly and stored at 1G00P 

for six months. The percentage of rehydration was deter- 

mined on dehydrated peas before and after storage. A 

taste test panel consisting of ten people was used as a 

subjective means for determining the flavor,, color and 

tenderness of reconstituted peas before and after storage. 

The results obtained from the taste test .scores for the 

color and tenderness were compared with the results 
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obtained by using objective methods* The tenderness was; 

determined by the Kramer shear-press and the color by the 

Hunter Color and Color-Difference Meter. The results were 

analyzed by statistical methods for the determination of 

the effect of sodium hydroxide on the flavor, color and 

tenderness of the peas. 

In order to determine the effect of sodium hydro- 

xide on the composition of the peas, the following chemi- 

cal analyses were mad© on both treated and untreated 

samples: 

1* Total sugar contents 

2. Alcohol-insoluble solids contents; 

3. Calcium contents 

i|.. Magnesium contents 

£• Sodium contents 

6, Vitamin € contents (ascorbic acid) 

Also the calcium and magnesium in the soaking solutions 

were qualitatively determined at the end of the soaking 

periods. 

Histological studies- were made on the control 

(untreated) as well as the treated peas, by preparing 

cross sections through the cotyledons and the seed coats 

for each lot. Many microscopic observations were made 

on the starch grains to examine their physical structure. 

Histochemical studies were carried on to determine 
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the effect of sodium hydroxide on the cutin* pectic sub- 

stances and the cellulose of the cells in the pea tissues. 
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CHAPTER VI 

DIS0USSION 

Dark Skin Perfection peas having six stages of matu<- 

rity, ranging between 88 and IJpO tenderometer Readings g 

were dehydrated. Some of these peas were soaked in 0,2% 

sodium hydroxide for different lengths of time prior to 

dehydration. Samples representing each treatment were 

stored for six months at a 100oF. Analyses indicate that 

the moisture content in the dehydrated peas varies with the 

treatments as well as with the stages of maturity, although 

all the lots of peas were dehydrated in the same manner. 

These variations may be due to several causes such as the 

location of the trays in the dehydrator, the tray load, 

the size of the peas and others. However, the treated peas 

gained weight from 8~l8$ by the soaking treatment, there- 

fore, more moisture was evaporated from them than from the 

control. This suggests that some changes, whether physical 

or chemical, might have occurred that made the peas lose or 

absorb moisture easier and faster. The results of rehydra- 

tion before and after six months storage at 100oP indicate 

that all treated peas showed a higher percentage of rehydra* 

tion than any of the untreated* The test for tenderness by 

both the taste panel and the shear-press, before and after 

storage, showed that the treated peas were more tender than 



9k 
the untreated. This may be due to the effect of sodium hy- 

droxide upon the cells after it penetrates the body of the 

peas* Greater penetration occurred and it was more rapid 

when the peas were soaked after blanching♦, This ms.y be due 

to the effect of heat on the seed coat that makes it softer 

and thinner. In order to understand the mode of action of 

the sodium hydroxide, histological and histochemieal 

studies were performed and some chemical analysis were made. 

The histological studies indicated that the cells of the 

treated peas were separated from each other and the starch 

grains appeared in clusters. 

Bonner (h )  stated that the plant cells adhere to 

each other by means of the middle lamella which consists of 

calcium and magnesium pectate. The separation of the cells 

may be explained as being caused by the sodium hydroxide 

damaging or hydrolysjing the middle lamella and loosening 

the cells. The histochemieal studies showed that the pectic 

substances and the cutin were partially damaged in the 

treated peas whereas the cellulose was not affected. 

The following may add more evidence that the middle 

lamella was damaged by the sodium hydroxide. The chemical 

analysis for the calcium, magnesium and sodium showed that 

the calcium contents were lower in the treated peas than 

in the untreated ones. This suggests that there might have 

been ion exchange between the calcium and the sodium which 
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yielded sodium pectate that was dissolved and partially 

leached by the soaking solution* It seems reasonable to 

assume that demethylation of the pectic substances may 

account for part of the observed increase in solubility, 

The qualitative analysis of calcium indicated the 

presence of calcium in the 5 hours soaking solution,, It 

is also possible that calcium hydroxide was formed and 

some of the calcium was leached. Certain other undeter* 

mined complexes may also have been formed that account 

for the lessening of the total calcium content. 

The sodium was, as one expects, higher in the 

treated peas and this, as was mentioned before, may be 

due to somei kind of ion exchange or chemical reactions that 

held the sodium ions inside the peas. The sodium was not 

leached probably because the peas were submerged in sodium 

hydroxide. The magnesium was lower in the treated peas 

than in the untreated ones. This is not what one expects 

if the ion exchange takes place. But the magnesium is not 

soluble, therefore, even if the ion exchange occurs the 

magnesium may be held inside the cells and will not notice* 

ably be leached. 

The decrease of magnesium in the untreated peas may 

be due to the conversion of chlorophyll to pheophytin aft- 

er losing the magnesium ion from the chlorophyll molecule.. 

Willstatter (75) reported that the primary step in the 

degredation of chlorophyll is probably the loss of pigment 
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magnesium in the hydrolytic conversion of chlorophyll to 

pheophytin. 

The retention of pigment magnesium in chrolophyll 

is correlated with greenness, Blair (3 ) stated that by 

a suitable choice of alkaline reagents applied in definite 

sequence, it is possible to protect about $0%  of the chlo- 

rophyll of peas, against conversion to pheophytin. The re- 

sults obtained for the color tested by both the taste panel 

and the Hunter Color and Color-Difference Meter agree with 

the previous workers that the treated peas showed better 

color than the untreated ones. 

The handbook of eolorimetry (26) indicates that a 

wave length, ranging from 500 to 570 millimicrons, pro- 

duces, a green color whereas the yellow color results when 

the wavei length is between 570 and 590 millimicrons. This 

agree with the results obtained in these experiments.. 

Although the taste test panel indicated that the 

treated peas showed better flavor than the untreated ones, 

the chemical analyses showed that the sugar content was 

much lower in the treated peas. Because of insufficient 

dehydrated materials, it was impossible to test for the 

improvement in flavor which might result upon the addition 

of sugar to the reconstituted peas.. This is something 

which could be recommended for further investigations. 

The results of the vitamin C analysis indicated 
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that ascorbic acid was to a large extent destroyed by the 

dehydration processj. As tablex^ shows, the untreated 

peas retained 2,$ mg. of vitamin C compared with 26 mg. 

for the fresh peas,.  (73) Although the sodium hydroxide 

caused further loss of the vitaminj this seems not to be 

too serious* 

These studies might offer suggestions to other 

workers- for further investigations of the role of sodium 

hydroxide in bringing about changes in the color, flavor 

and tenderness of the peas:* 
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CHAPTEE VII 

CONCLUSIONS 

1. A method of pretreatment of peas, which yields a dehy- 

drated product that rehydratea satisfactorily and which 

retains its tenderness and natural green color, was 

developed. According to the judgments of ten tasters, 

the treated peas possessed better flavor than the un- 

treated one si 

2. All the peas which were treated with sodium hydroxide 

showed a higher percent of reconstitution, greater 

tenderness and better color than the untreated, re- 

gardless of the length of soaking time. Those with 

an optimum maturity of 12? tenderometer reading, when 

soaked in 0.2$ sodium hydroxide, reconstituted best. 

3. A ten-hour soaking period yielded a rehydrated pro- 

duct which showed the best color, greatest tenderness: 

and highest percent reconstitution. 

ij.. Peas stored at 1000P for six months when reconstituted, 

showed practically the same tenderness and rehy^~ 

dration percentage as the freshly dehydrated peas. 

The flavor x^as almost the same according to the judg- 

ments of ten tasters» Instrumental measurement showed 

a slight decrease in color intensity due to this 
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temperature* 

5. Histological studies on the effect of sodium hydro- 

xide on the physical structure of the peas showed 

that? 

a. The middle lamella was disintegrated and 

the cells were separated from on© another. 

b. The starch grains appeared in clusters. 

6. The histochemical studies indicated that the sodium 

hydroxide caused some damage to the pectic sub- 

stances and the cutinj but showed little or no 

influence on the cellulose. 

7. The effect of sodium hydroxide on the chemical com* 

position of the peas shmed that: 

a. Soaking tended to decrease the residual 

sugar of the peas. The decrease was 

greater as the length of time increased. 

b* Soaking very slightly affected the 

alcohol-insoluble solids content. 

c. Soaking reduced the calcium content of 

the treated p6as. 

d. Soaking increased the sodium content in 

the treated peas and appeared to prevent 

the loss of magnesium. 
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e» The action of sodium hydroxide on the 

loss of the reduced ascorbic acid ajjpears 

t© be insignificant compared to the 16sset 

due to the dehydration process* 
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